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(54) Guidewire unit 

(57) A stylet unit which can be introduced into a nar- 
row, hollow, flexible component, such as a hollow elec- 
trode cable tor a heart stimulator, to stiffen the compo- 
nent and bend its distal end section, said stylet unit (20) 
comprising a double stylet combination with a flexible 
stylet shell (24) and an internal stylet wire (22), movably 
arranged inside same, with a pre-bent distal end section 



(14), whose radius of curvature (p^) is on a first side of 
the stylet. In a region (D) before the pre-bent end section 
(14), the stylet (22) has a pre-shaped stylet section com- 
prising a pre-bent stylet portion (26) whose radius of cur- 
vature (pg) is on the side of the stylet (22) opposite the 
side on which the end section's (14) radius of curvature 
(Pi) lies. 
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Description 

Field of the Invention 

The present invention relates to a stylet unit which 
can be inserted into a flexible connponent, such as a hol- 
low electrode cable for a heart stimulator, a catheter or 
some other tubular instrument, with a narrow, longitudi- 
nal intemal channel, to stiffen the flexible component 
and bend a distal end section of that component, said 
stylet unit constituting a double-stylet combination com- 
prising a flexible, tubular stylet shell and an intemal 
stylet, displaceably arranged inside the shell's channel, 
with a pre-bent distal end section which can be set to a 
retracted position inside the stylet shell or to an ex- 
posed, projecting position outside the shell and whose 
radius of curvature is located on a first side of the intemal 
stylet. 

A channeled component of the aforementioned kind 
could e.g. be a tubular conductor used for stimulation in 
the human body. Such a channeled component could 
be devised to serve either as an implant or for removal 
from the body after a medical treatment has been per- 
formed. 

The prior art 

A stylet unit of the present kind is especially suitable 
for stiffening and guiding a hollow electrode cable for a 
heart stimulator during the electrode cable's advance- 
ment into a human heart and for anchoring a contact 
electrode (electrode head) on the distal end of the cable 
in a cavity of the heart. The introduction of such an elec- 
trode cable into the heart is usually through a suitable 
vein, and the contact electrode can be anchored in the 
right ventricle or atrium. The temporarily introduced 
stylet unit inside the hollow electrode cable extends 
through the cable's central channel from the cable's 
proximal end (which is subsequently connected to the 
heart stimulator) to its distal end on which the contact 
electrode is located. 

A stylet unit is especially suitable for anchoring a 
contact electrode in the heart's atrium, so an appropriate 
J shape can be imparted to the distal end section of the 
electrode cable, thereby facilitating introduction of the 
end section into the atrial auricle and anchoring of the 
contact electrode in the trabeculae of the atrial auricle. 
After the contact electrode has been anchored at the 
desired site in the heart, the stylet unit is completely re- 
moved from the heart. 

EP0381 810 A1 refers to a catheter tip attitude con- 
trolling guide wire for use with a catheter adapted to 
pass over the guide wire. The guide wire comprises an 
elongated wire-like cylindrical shaft having a distal end, 
a proximal end and an intermediate portion with a plu- 
rality of bends along its length. The intermediate portion 
is provided with an enclosing shell-like helical coil 
means. However, this coil means, which may comprise 



2 

interconnected coils, is merely arranged to protect the 
intermediate wire portion, and the ends of the coil means 
are secured, typically by solder, to the ends of the guide 
wire shaft. Consequently the guide wire shaft is not ax- 
5 iaily displaceably arranged inside the channel of the coil 
means. 

US A 3 757 768 refers to a spring guide-catheter 
comprising an inner wall portion defined by a helical 
spring, and an outer wall portion formed from a tube of 

10 plastic material. Inside the channel or lumen of the 
spring guide-catheter there is arranged a stylet wire for 
assisting in the manipulation and control of the spring 
guide-catheter. The stylet wire fits freely within said lu- 
men and is freely movable axially with respect to the 

IS spring guide-catheter. However, this stylet wire is merely 
a one part single wire, and does not constitute any dou- 
ble stylet combination comprising a flexible, tubular 
stylet shell and an internal stytet wire displaceably ar- 
ranged inside the shell's channel or lumen. 

20 US A 5 170 787 describes (see FIG. 2 in the docu- 
ment) a stylet unit, comprising a double stylet combina- 
tion with a flexible, tubular shell containing a moveable 
intemal stylet in the shell's central channel. At the prox- 
imal end of this known stylet unit, there is a maneuvering 

25 handle with which the shell and the internal stylet can 
be moved in relation to each other to retract the stylet's 
pre-curved distal end section into the surrounding 
shell's distal end section or to deploy the pre-curved dis- 
tal end section of the stylet outside the opening of the 

30 shell's end section into the central channel of the distal 
end section of the surrounding electrode cable in order 
to impart the desired curved shape to the distal end sec- 
tion.. 

US A 4 136 703 shows another example of a stylet 
35 unit, devised as a double stylet combination, for an elec- 
trode cable. The stylet unit contains a pre-curved inter- 
nal stylet in its distal end section. 

However, the types of prior art stylet units described 
in the two last-mentioned documents, I.e. double stylet 
40 combinations, are incapable of insuring that the stylet 
unit - and accordingly its surrounding electrode cable - 
attains a desired, largely straight configuration or con- 
formation when the intemal stylet's pre-bent distal end 
section is retracted into the corresponding distal end 
45 section of the stylet shell. 

Summary of the invention 

The primary object of the present invention is to 
50 achieve a new type of stylet unit with which it is possible 
to attain a much straighter, i.e. with less lateral bending, 
and much better shape for the distal end section of the 
stylet shell, with a stylet unit devised as a double stylet 
combination, when the pre-bent distal end section of the 
55 displaceable internal stylet wire has been fully retracted 
into the shell's channel and is surrounded by the stylet 
shell's enclosing distal end section. 

When the stylet's pre-bent distal end section has 
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been exposed and deployed outside the opening of the 
stylet shell, it produces the desired bending of a corre- 
sponding section of the narrow, channel-equipped flex- 
ible component, which (as noted above) could be a hol- 
low cable, a catheter or some other kind of elongate in- 
strument posing some resistance to bending. 

An additional object of the invention is to achieve a 
stylet unit whose internal stylet wire has a very pro- 
nounced J or fish hook shape at its distal end section 
when this section is fully deployed outside the distal end 
section of the stylet shell. 

The design problems related to the aforementioned 
object are solved according to the present invention pri- 
marily when a stylet unit of the aforementioned kind has 
the distinguishing features set forth in the characterizing 
part of patent claim 1 . 

Preferred embodiments and refinements of the 
stylet unit according to the invention can also have the 
distinguishing features set forth in the dependent 
claims. 

The main distinctive feature of the stylet unit accord- 
ing to the invention is that in the area located immedi- 
ately before (viewed from the stylet unit's proximal end 
to its distal end) the pre-bent distal end section, the in- 
ternal stylet is provided with a p re-shaped stylet section 
comprising a pre-bent stylet section whose radius of cur- 
vature is located on an opposite side ofthe stylet in re- 
lation to the said first side ofthe stylet. 

As a result of this combination of two diametrically 
opposed, pre-shaped curved stylet sections on the in- 
ternal stylet wire, as proposed by the invention, the distal 
end section of the stylet unit's stylet shell displays a very 
stretched or flat S-shape when the internal stylet's dou- 
ble-bend end section has been completely retracted into 
the distal end section of a stylet shell. 

With a stylet unit devised In this manner, the shape 
of the distal section of the stylet shell has an undulating 
shape so flat, when the "double-bend" end section of 
the stylet wire is fully retracted Into shell, that the max- 
imum deviation from the midline ofthe shell's otherwise 
straight section becomes far less than with a traditional 
stylet design only utilizing a distal end section with pre- 
bending on one side. 

For the shape of the stylet shell to be as straight as 
possible, when the intemal stylet is fully retracted into 
the shell, it would also be appropriate for the part of the 
intemat stylet between the stylet's proximal end section 
and the stylet's pre-shaped stylet section, and the pre- 
bent distal end section, to have an essentially straight 
configuration in an unloaded state. 

So it would be desirable for the intemal stylet's pre- 
shaped stylet section and the stylet's pre-bent distal end 
section to tie on the same side of the longitudinal axis 
of said stylet part having an essentially straight config- 
uration. Here, the centers of curvature for the stylet's 
pre-shaped stylet section and the stylet's pre-bent distal 
end section can then lie either on the same side of the 
said longitudinal axis or on opposite sides of this longi- 



tudinal axis. An optimally flat or longitudinally undulating 
S shape for the stylet shell, with the inner stylet retracted 
therein, is achieved when the stylet's pre-shaped stylet 
section and the stylet's pre-bent distal end section are 
s located in a common plane which then preferably also 
includes the said the stylet part having an essentially 
straight configuration. 

The stylet wire's pre-bent distal end section is suitably 
designed and arranged (in relation to the straight part of 
10 the stylet, between the stylet's proximal end and the pre- 
shaped stylet section) so that this look-like, pre-bent dis- 
tal end section is touched by the longitudinal axis of said 
straight stylet part. 



The invention will now be exemplified, described 
and further explained, referring to the enclosed draw- 
ings which depict in an elucidatory manner, but not to 
20 scale, a currently preferred embodiment of a stylet unit 
and its internal stylet wire according to the invention: 
Thus : 

FIG. 1 very schematically shows the relevant parts 
25 of a traditional stylet unit In which the internal stylet's 
pre-curved distal end section projects outside the 
stylet shell's opening; 

FIG. 2 shows the stylet unit, depicted in FIG. 1, 
30 when the stylet's pre-curved distal end section has 
been retracted into the tubular stylet shell's distal 
end section; 

FIG. 3 shows the intemal stylet wire for a stylet unit, 
35 depicted in FIG. 4, according to the invention; and 

FIG. 4 shows a stylet unit according to the invention 
when the stylet wire's pre-bent distal end section 
has been completely retracted into the stylet shell. 

40 

The preferred embodiment 

FIGS. 1-2 schematically show the distal end region 
of a known stylet unit 2, a double stylet combination con- 

45 sisting of a flexible, tubular stylet shell 4 with a freely 
moving stylet wire 6 inside the shell's 4 channel. The 
distal end of the stylet shell 4 is designated 8, the shell's 
proximal end is designated 1 0 and the stylet's 6 proximal 
end is designated 1 2. As Fl G. 1 shows, the internal stylet 

so 6 has a pre-bent distal end section 1 4 which, in this case, 
is mainly semicircular with a radius of curvature p-, and 
a short, straight stylet end portion 16 with a end stop ball 
18 which prevents the end section 14 from being unin- 
tentionally drawn too far into the stylet shell 4 and min- 

55 imizes the risk of a surrounding electrode cable wall (not 
shown here) being penetrated by the stylet end portion 
16, When the stylet unit 2 has been introduced into a 
longitudinally hollow electrode cable (not shown), the 
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pre-bent distal end section 1 4 serves to innpart a curved, 
J shape to the electrode cable's end section. 

The stylet unit is shown in FIG. 2 as it might appear 
when the internal stylet wire's 6 pre-bent distal section 
14 is completely retracted into the stylet shell's 4 end s 
section, so the stop ball 18 presses against the opening 
on the distal end 8 of the tubular stylet shell. With the 
"single-bend" version of the stylet's distal end section 
14, as shown in FIG. 1 , a bend is produced in the stylet 
shell's 4 end section when the end section 14 is fully io 
retracted. This means that the shell end 8 assumes a 
position corresponding to a lateral deviation L from the 
longitudinal axis A for the stylet unit's 2 straight section, 
shown to the left in FIGS. 1-2. 

The relative movement required between the shell ^5 
4 and the stylet wire 6 to deploy or retract the end section 
14 into/out of the stylet shell 4 is usually achieved with 
a maneuvering and holding implement device (not 
shown) arranged at the proximal end 1 0 of the shell 4, 
Here, the implement could be a holding device, for ex- 20 
ample, connected to the stylet shell 4, and a gripping 
device (handle), capable of moving the stylet in relation 
to the shell when the holding device is kept still. Alter- 
nately, movement between the internal stylet 6 and the 
surrounding shell 4 could be achieved by holding the 2S 
stylet 6 still while moving the shell 4. 

FIGS, 3-4 show an intemal stylet wire and a stylet 
unit according to the invention. 

The stylet unit, devised as a double stylet combina- 
tion, according to the invention Is generally designated 30 
20, whereas the displaceably arranged internal stylet 
wire in the shell's channel Is designated 22. This intemal 
stylet wire 22 is shown in FIG. 3 in a completely unload- 
ed state, i.e. before the stylet has been retracted into 
the stylet unit's 20 tubular stylet shell 24. As shown in 3S 
FIG. 3, the internal stylet 22 has a pre-bent distal end 
section 14 of a known kind (cf. FIG. 1). This pre-bent 
semicircular end section 1 4 has a radius of curvature 
whose center of curvature B lies on the underside of the 
longitudinal axis A of the stylet wire's 22 straight stylet 40 
section between point C and the stylet's proximal end 
12. The most distinguishing feature of the stylet wire ac- 
cording to the invention is that the stylet wire - over a 
region D - has a pre-shaped stylet section which com- 
prises a pre-bent stylet section 26 with a radius of cur- 45 
vature P2 and a semicircular transition section 28 be- 
tween point E and point C. So the pre-bent stylet section 
26 extends from point E to the flexion point F where the 
stylet's 22 pre-curved distal end section 14 begins. 

As shown in FIG. 3, the stylet section's 26 radius of so 
curvature is p2 (from the center of curvature G) located 
on one side of the stylet wire 22, opposite the side where 
the pre-bent distal end section's 14 radius of curvature 
is located. Viewed along the stylet's 22 longitudinal 
axis from its proximal end 12, via points C, E and F, to 55 
the stop ball 18, the stylet section's 26 radius of cun/a- 
ture is on the stylet's left side whereas the end sec- 
tion's 14 radius of curvature p^ is on the stylet's right 
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side, seen on the FIGURE plane in FIG. 3. 

As FIG. 3 also shows, the stylet's 22 pre-shaped 
stylet section and the stylet's pre-bent distal end section 
1 4 are on the same side of the longitudinal axis A as the 
straight section of the intemal stylet 22 located between 
the proximal end 12 and the point C. 

In the embodiment shown in FIG. 3, the radius of 
curvature's pg center of curvature G is on the longitudi- 
nal axis A, where as the radius of curvature's p^ center 
of curvature B lies below said longitudinal axis A. How- 
ever, the stylet's 22 pre-bent stylet section 26 could be 
devised so the centers of curvature G and B are on op- 
posite sides of the longitudinal axis A. 

Finally, FIG. 4 shows how the tubular stylet shell 24 
in the unloaded state is bent laterally by the internal 
stylet's 22 pre-bent stylet section 26 and by the pre-bent 
distal end section 1 4 when the two pre-bent parts of the 
stylet have been completely retracted into the tubular 
stylet shell 24, so the stop ball 18 presses against the 
opening of the shell's channel at the distal end 8 of the 
shell. In practice, retraction of the end section 14 and 
the stylet section 26 into the shell 24 is achieved by slid- 
ing the shell over both parts of the stylet. So the stylet 
shell 24 acquires a greatly flattened S shape with two 
regions, bent in opposite directions, on the shell's distal 
end section, viz. a concluding bent section with a radius 
of curvature p'^ and a section before this, bent in the 
opposite direction p'2- The stylet shell's 24 radius of cur- 
vature p'^ is mainly caused by the pre-bent end section's 
1 4 radius of curvature p^ , whereas the shell's 24 radius 
of curvature p'2 is mainly caused by the pre-bent stylet 
section's 26 radius of curvature p2- 

The wavy, double-bend distal end area of the stylet 
shell 24 will, as a result of the stylet's 22 special confor- 
mation, display maximum lateral bending 1^ and I2, seen 
from the stylet unit's longitudinal axis A. But both the 
deviation 1^ and the deviation 12 will be much less than 
the lateral deviation L (see FIG. 2) obtained with the use 
of a stylet shell 4 of the same kind as the stylet shell 24 
used with the conventional type of internal stylet 6, ac- 
cording to FIG. 1. Even if the sum of the deviations 1^ 
and I2 were as large as the lateral deviation L, according 
to FIG. 2, a maximum deviation from the longitudinal ax- 
is A, which is much less than the deviation L obtained 
with the known technic according to FIGS. 1 -2. The de- 
viation-reducing effect attained according to the inven- 
tion is because the lateral deviations 1-, and I2 are located 
on opposite sides of the center of longitudinal axis A. 

As the above shows, the stylet unit according to the 
invention is especially suitable for achieving a stiffening 
of an electrode cable (or lead) during the cable's ad- 
vancement through a vein to a patient's heart and in con- 
cluding introduction a bending of a distal end section of 
the cable. During the electrode cable's advancement 
through a vein, it would obviously be advantageous for 
the electrode cable to be as straight as possible. This 
means, in turn, that the employed stylet unit must be as 
straight as possible during advancement, since it is the 
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stylet unit which gives the electrode cable its stiffness. 
Soa stylet unit according to FIG. 4 would greatly simplify 
a physician's introduction of an electrode cable into a 
patient's heart compared to the use of a conventional 
stylet unit (according to FIG. 2) which imparts much 
greater lateral bending than the double stylet type of 
curved stylet unit, shown in FIG. 4, according to the 
present invention. 



Claims 

1 . A stylet unit (20) which can be inserted into a flexible 
component, such as a hollow electrode cable, cath- 
eter or some other tubular instrument, with a nar- 
row, longitudinal, internal channel, to stiffen the flex- 
ible component and bend a distal end section of that 
component, said stylet unit constituting of a double 
stylet combination comprising a flexible, tubular 
stylet shell (24) and an internal stylet (22), displace- 
ably arranged inside the shell's channel, with a pre- 
bent distal end section (14) which can be set to a 
retracted position inside the shell or to a position 
projecting outside the shell and whose radius of cur- 
vature (p^) is located on a first side of the internal 
stylet (22), characterized in that the internal stylet 
(22) is provided with a pre-shaped stylet section, in 
an area (D) located before the pre-bent distal end 
section (14), comprising a pre-bent stylet section 
(26) whose radius of curvature (P2) is located on an 
opposite second side of the stylet in relation to the 
said first side of the stylet (22). 



6. A stylet unit according to any of the preceding 
claims, characterized in that the radii of curvature 
(p2, Pi ) for the stylet's (22) pre-shaped stylet section 
and the stylet's pre-bent end section (14) are at 

5 least essentially constant for the respective section. 

7. A stylet unit according to any of claims 2-6, char- 
acterized in that the stylet's (22) pre-shaped stylet 
section and the stylet's pre-bent end section (14) 

10 are located in a common plane preferably also in- 
cluding said stylet part having an essentially straight 
configuration. 

8. A stylet unit according to any of claims 3-7, char- 
75 acterized in that the stylet's (22) pre-bent distal end 

section (14) is designed and arranged so that it is 
touched by the longitudinal axis A of said stylet part 
having an essentially straight configuration. 

20 



2S 



30 



2. A stylet unit according to claim 1 , characterized in 
that the part of the internal stylet (22) between a 
proximal end section of the stylet and the stylet's 
pre-shaped stylet section and the connected pre- 
bent distal end section (14) has an essentially 
straight configuration in an unloaded state. 

40 

3. A stylet unit according to claim 2, characterized in 
that the stylet's (22) pre-shaped stylet section and 
the stylet's pre-bent distal end section (14) are on 
the same side of the longitudinal axis (A) of said 
stytet part having an essentially straight configura- 
tion. 



4. A stylet unit according to claim 3, characterized in 
that the centers of curvature (G. B) for the stylet's 
pre-shaped stylet section and the stylet's pre-bent so 
end section (14) are on the same side of the said 
longitudinal axis (A). 

5. A stylet unit according to claim 3, characterized in 
that the centers of curvature (G, B) for the stylet's ss 
pre-shaped stylet section and the stylet's pre-bent 
end section (14) are on different sides of the said 
longitudinal axis (A). 
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(57) A stylet unit which can be introduced into a nar- 
row, hollow, flexible component, such as a hollow elec- 
trode cable for a heart stimulator, to stiffen the compo- 
nent and bend its distal end section, said stylet unit (20) 
comprising a double stylet combination with a flexible 
stylet shell (24) and an internal stylet wire (22), movably 
arranged inside same, with a pre-bent distal end section 



(14), whose radius of curvature (p^) is on a first side of 
the stylet. In a region (D) before the pre-bent end section 
(14), the stylet (22) has a pre-shaped stylet section com- 
prising a pre-bent stylet portion (26) whose radius of cur- 
vature (pg) is on the side of the stylet (22) opposite the 
side on which the end section's (14) radius of curvature 
(Pi) lies- 
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